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(54) CnOCOB M3rOTOB/lEHl4fl FOCPPUIPO- 
BAHHOrO CTAJIbHOrO n/IACTblPfl 
(57) CyiUMOcTb M3o6peTeHMfi: TepMoo6pa6oTKy 
nnacTbipP xoKaMw BWCOKort ^acroTbi ocymecr- 

8/IRKlT nOCne rO<|)PMpOBa«M«. a CM330MMUi^ 

c/iott HaHOCAT nOPTOpHO noc/ie ox/ia>»cAeHMP. 
npeA/'araeMWi^t cnocoB noaeonneT aa cmbt no- 
BkHUieMMfi nflacTMMMbix CBoK^CTB Mcxan/ia Ha- 
AexHO o6ecneMHTb repMernaauwto 
peMOHTMpyeMoro yMacxKa ctCBa5icv««w. l xao/i. 



l43o6pereHMe othocmtch k o6pa6oTKe ne- 
TdiiAd Aa©''^*<*^eM, 6 MacTHOCW K lexMonorwii 
MarOTOaneHUR fo4>pMpoB8MHux Tpy6, 

OcHOBHUMVi onepauMUMM B TeXHOAOrHMe- 
CKOM npouecce MsroTOsneHMJi tohkoctchhhx 
ro<t)PMpoBaHHWx Tpy6 RBAHetcn xonoAMan Ae- 
^jopMam^fl. HanpvtMep aoAOHenute w npoicaTKa 
Tpyt, xMMMHecicaj? o5pa6oTKa. tepMHsecnaR 
o6pa6otKa aaji ch<itm« ocTaTOHHwx Hanpflxe- 
HMf!, BOSMwitaioiuvix B peayAbYBTe Ae<t>opMa- 
uww w npo<J>w»MpOBaHii« mctoaom HaKanCM. 

MaaecteH cnoco6 waroTOOAeMnn xpyC c 
npOAOAbHb^MW rcKt^paMM nyreM AayxaianMoro 
(j>opMOBaHwn TpyBbi-aaroTOBKM, npMMeM na 
nepeoM ar^me ee ro4>pMpyiOT paAwaAbHUMW 

yCMAMRMM. a Ha BTOPOM axaoe 06>IW1M3IOX b 

npo4»viAMpoadHH0A BOAOite. 

OAHaRO B03HMica»6mMe e peayAbxaxe 
cno>RHO« A^opMauHti ocxaxosHwe wanpHM©- 
HHff He Aaiox AOCtaxoMHOtI nonepesHOft npOM* 
Hocxn. M^xanA cxanoewxcn xpynKwM h 



HenpHroAGH b Ka^ecxBe .inacTwpw npn pewOM- 

T« oBCaAHOft KOnOHHW 8 CKBa^Kl/IHe. 

Aar chaxha ocxatWHUX MdnpwiKeHMi^ xpy- 
6w noABCpraiOY xepMWMecKOft o6pa6oTKe - ot- 
)Kwry B ncMax xwna nCO-06 wAwi f"^0-09 m 
noAy*teHWJi na xpy6ax okmcmoCi nACHKM. bw 
noAH5iiou4eA 4>yHK^ww noAwaaoMHoro noxpw- 
TMR w o6AaAaioiue(» AOCxaxoMHOw 
nopwcxocxbK) M aACOpSuMOHHOtt cnoco6HO- 
cxbio K CMaaxe. 

l4aBecTeH xaioxe cnoco5, npw xoxopoM 
TOHKocreHHbte npo<t>i4AbHbie xpy6w opaBwr 
pacxwJiceHMeM m paaAa^^efit c narpeaoM na aAcx- 
TpoxepMkwecxoM o6opyAoe8HMn. CnaMana aa- 
roxoeicy xpy6w narpeBdiOT roxaMi^ 
conpoxMBneMwfl AO xeMoepaxypbi oT>KMra, a 
aaxcM nocAe oxABxgcieHMji pasAaJor npn noMO- 
mvi KOHWMecKot^ onpaBicM. 

HaAOCxaxoK cnocoda aaxAJOMaexcR a xom. 
Hxo npvi HaAO^KCHviM nAacxwpfl M HaoToxoKen- 
HbiX xoy6 Moxcex npowcxoAwXb paapue no 
npo^WAbMOft oOpaayioiMeA. a npw Hano>KeHwi/i 
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nnacTwpfl via oTOM>KeMHbix Tpy5 c nocne/jyto- 
tuMM ro4>pM:poeaMMeMMo:»KeT npOMCxOAi^Tb o5- 
paaoeaHwe.MViKpoTpeiMMH bo enaAWH^x m na 
ewcrynax opoAO/tbHbix ro<J>p npn Ae<^opM3^li^^ 

MXAOUMAMWAPMHeCKOJ^ (l)OpMW, KOfAa 66 nnOT' 

MO npwKMMaiOT (HaKaTbjaaiOT) AOpwvipyiomev^ 
ronOBKO^ K BMyTpeHMe** noaepxHOCTvi o6caA- 
MOA xOflOHHW. B pe3y/ibTare ne o6ccneMMBa- 
ercsk HaaeMCHOCTb repMCTviaauMM wa-aa 
MM3K0W n;iflCTMV4H0CTV! Meranna ro<t)pMpoeaM- 
HOro nrtacT«p«. 

Uenbio naoepereHMP HBAftetcR nofiwiue- 
Hiie naAOKMOCTM repMeTwaauMii o6ca)KeMKOi?i 
cKBa)KMMU nyreM nOBbiiueMnn nnacTMviMOCTvi 
Meranna n/iacTwp«, 

CyiuHOCTb M3o6peTeHiflfl 3aK/iK)MaeTC« b 
TOM. MTO TepMOo6pa6oTKy TOKaMM BbicoKOM ^a- 
CTOTw ocymecTBn«»OT nocne ro4)pMpoBaHwfi. a 
• aaieM noBTopHO naHOCwT CMa30MHbi»^ Cf\ov\, 

B peaynbTaxe 3HaKonepeMeHHb»x Ae<t>op- 
MauMft, KOTOpwM noAoep^aeicfl Meranna ipyC 
npw ro<}>p^.po6aHWW kaic B npouecce MaroxoB- 
iicHMfl nnacTbipeti, xaK vt npw pasAase b npo- 
uecce ycxaMOBKH B cKBaxuHax. npOMCxoAwT 
3MaMMTe/ibHoe ynpOMHeMwe Mexan/ia, nprnew 
Hdw6o/ibUiMe aHaMGHnfl ynpOMHeHMvi npwxoA- 
wxca Ka enaAwHbi ro<t)piipOBaHHwx xpy6. 

MaMeHOHne xaepAocxM (Hv) cxa/iw mbpkh 
10 npM xepMOo5pa6oxKe, ro<t>pnp06aHvivi m 
pa3Aa^^ nnacxwpj* noKa3aHo b raS/iwue. 

1/13 Ta6nviuw bmaho. mxo xeep Aocxb Mexan- 
na nnacTb«p« nocne pasAa^n b oScaAHOi^ xpy- 
6e Aocxwraex HawBoAbuuMx SHaMeHwCi. ecnw 
nnacTwpb M3roTaB/iMBanc« m3 HexepM0o6pa- 
eoraHHOfi Tpy6w. flpn waroToeneMHH nnacTW 
pe*t M3 npeABdpviTeAbHO xepMoo&pa6oxaMMbJX 
Kpyrnbix Tpy6 npw ro<|>pvipOBaMiiM xaepAOCXb 
MecKOfibKocHM>K3exc5< nocpaBMeHMioc Hexep- 
M0o6pa6oxaHHbiMn aaroTOBxaMW. ho noc/>e 
pasAanw TBCpAocxb Boapacxaex homxm ao toi4 
xce flenviMMHbi; 4To m 6e3 x€pMOo6pa6oxKM. no- 
cne tepMMHecKOvi oSpaSorkw ro^pwpoBaHHwx 
Tpy6 c warpeBOM xoKaMw bwcokom wacxoxw 
xBepAocxb MX cHvi>Kaexca sHa^wxcnbHo, a no- 
CAe pasAaMw ona MeHbiue. mom y Hcxepwooe- 
pa6oTdHHbix. 

B oxAWMvic OT neMHoro waw rasoBoro Ha- 
rpeaa npui o5pa5oxKe 3aroxoBKM xoxaMw bwcO- 

KOrt MaCXOTW npOMCXOAMT He3MaMVlXeAbH0e 

i43MeMeM%<e 4>opmw ee npo(l>virtrt, wa nocepxHO- 
cxM xpySu oOpaayeTCfl xohkm^ cnot^ oKaAWHW, 
KOTOpwA'He oTcnaweaexcJi b npouecce Ae4>op'' 
MsuwM - pasAa^^M. CwaaoMHbivi caov* hbhocwt- 
C« Hd 8rtyrpeMHi0!O no&epxMOCXb 
0T03*;)KeHHbiK npoAonbHo-ro4)pvipoBaMMbix 
Tpy6 nocne uxoxnaxAeHWR. OHnpeAOxpaH^ex 
BMyrpeMHioio noBepxMocTb ox KOppoaMOMWoro 
pa3pyujeMWJ« a npoi\ecce axcnAyaxauviii m chm- 
jxeMHw oceowx ycwAi/jw a npouecce pasAa^w 
nnaCTbipet^. 



n p M M c p. An» peMOHxa oGcaAHOvi ko- 

AOHMi>i AwaMerpoM 1 46 mm c toaiuv^hoiJi creHKn 

8 MM nAacTbipb naroraanMftaiOT m3 tohkocxcm- 
HOM Tpy6bi Ai^aMerpOM 130 mm c TontuMHoi;^ 
5 cieHKM 3 MM n3 CTaAn MapKH 10. JXiwahb xpyGw 
9-n»5M. 

Ha BHyTpeHHK)K3 noeepxHOCXb rpybw na- 
HOCftT cnovi rpa(t>wxOBOM mam Apyrow CMasKw. 
npeAHasnascHMOt?! aaa cHMxeHWJi ycnAMM ro<p- 

10 pMpOB3HMfl. rO<j5pMpOBaHCie UMAWHApW^eCKOt^ 

TpyOb* npon3BOA«T na cneu*ianbHo*i ycxaHOB- 
xe Hepe3 po/iviKOByio roAOexy c enyrpeHHeM 
npo4)MAbHOM onpaexow. floAyMaexcR npOAOAb- 
HO-ro<))pvipOBaHHa» Tpy6a c HapyxHwM At^a- 
15 MeipOM 1 1 6 MM n 4MCA0M ro<t)p 6 mavi 8. 3axeM 
npoM3BOA*^TCfl pnxxOBxa ro<t)pnpoBaHHOviTpy- 
Cw nocAe oxpeSKH ee na aaAaHHyio A^^^ny. 

3axeM npOM3eoAJ^xCH xepMUMecxan o6pa- 
6oxi^a npOAOAbHO-ro<l>pMpooaHHOM Tpy6w - 
20 HopMaAvi3auMfl c narpeBOM xoxaMw Bwcoxoft 
MacTOTbi Ha ycTanOBxe BMP 30/6. Hpvi stom 
npoAOAbHO-ro<t)pMpoeaHMa« xpy6a ycxaHae- 
AWBaexcfl ropvi30HxaAbMO na poAWKOBbix ono- 
pax wi c onpeAeAeMHOJii cxopocxbto 
2S npoABuraexcfl sepe3 wHAyxxop. 

OxAa>XAeHtie xpy6bi npoM360AWxc« Ha 
Bo3Ayxe. CMaSKa, koxopa« 6biAa HaneceHa ne- 
peA ro<})pMpOBaHMeM. Bwropaex. 

Tax xax B cKoa>KMHe npw ycxaHOBxe nna- 
30 cxwpfl B utHxepBaAC penOMTa npovtssoAv^xcn 
pa3Aa*<a nAacxbipfl Ao xpytAOii <t)opMb* m npw- 
>Katnfl K cxeHxe o6caAHOw xpyBu. xo npw 3tom 
fi03HMxaiOT 6oAbUJne xoHxaxxHbie narpyaxn 
Me)KAy OAacxwpeM m wHCTpyMCHTOM AA« pa3- 
35 Aasn. Aar CHuxeHWft 3XMX narpysox na aHyr- 
peHHtoK) noeep^HOCTb nAacxwpfl naHocMxCft 

eXOpVlMHO CMa30MHWl?J CAOI^, XOXOpwi^ CAyJKMX 

xax Anfl cHvi^KeHWH ycwnnCi, B03HMKaK5iMnx npw 
pa3Aa«<e nAacwps, xax m aah npeAOxpaneHMJ* 
40 3xoA noaepxHOCXui or xoppoawOHHoro pa3py- 
ujeHM« B npouecce 3xcnnyaxauvivi. 

CoMexaHHe xepMn^ecxoCi o5pa5oxKn nAa- 
cxwpeft noCAe ro4>pwpoflaHwfl w Hanf^ceHune 
CMa30MHoro CAOP Ha BHyxpeHHioio noBe».x- 
45 HOCXb nocAe xepMWMecxoft o6pa6oxxM no3BO- 
AflK)X noBwcMXb nAacTMMMOCTb MexaAAa 
nAacxwp oSecneMMTb 6AaroAap« 3TOMy na- 
Ae>xHocxt. repMexM3auMH peMonxupyeMOJ^i 

' CKSaXVIHb). 

CD opMyAa M3o6peTeHvii» 



Cnoco6 w3roxoBAeHM« fo<J>pwpOBaMHoro 
cxanbHoro nnacxbipfl, npewMyiuecTBeHHO aa» 
55 peMOHxa o6ca>xeHHoP» cxeaxi^Hw, BxAio^ax)- 
mviM TepMOo6pa6oTKy aaroxoaxn, HaneceHne 

CMaSOMKOrO CA05* Ha BMyxpeHH»OlO nOBepXHOCTb 

3aroxoBXM M ee ro<J)pv.pOBaHMe. o x n w m a to m m 

C fl TCM, ^fCO, C UeAbK) nOBbllUCMMH HaAOfCMOCXiA 

repMeYM33UMM o6ca>KeHHOt< cxb.incmhw nyreM no- 
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BbiiueHi/in rtnacTMSHocTn MCTanna nnacTwpfl. ocyu4eCT0n«»OT noc/je ro(t>pMpoeaHi4«. s saieM 
TepMoo6pft8oTKy TOicdMM bucokoi)! '^acTOTw noaropMO MaMocuT cnaaoMr^wrt cnoCi. 



HcxoAHoe cocTOfl* 




BmA 06p860TKH 




MMe MaTcpnana 


AO ro4>pHpoBaHrtfl 


nocne ro^pwpo" I 


TdpM005pa6orKa 
nocne ro4>p>ipoad- 
MMP (HopMa/iH^a- 
c HarpeBOM 

TOKaMVf BWCO- 
KOW saCTOTU» 


noc/ie paaA^^^ 


Bed TepMooGpa- 

60TiCM 


1570 


1750 




2020 


C TepMoo6pd60T- 


1350 


1660 




1966 


Bes TepMoqCpa- 
60TICM 


1570 


1750 


1350 


1750 
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PeflfiKTOP H.ryHbKO T expeAM.MopreHTan Koppexrop wl.MycKa 

3a«a3 2S65 Tnpax HoAnMCHoe r^^.^ rrcP 

Mmm rocywapcTBeHHoro KOMMtera no M3o6peTeHWM m oTicpk.Tv.jiM npw tkht ccc^- 
1 13035. MocKBd. X-3S. Payuicicas Ma6.. 4/5 



npoM3BOACTBeHMO-M3fl8TeflbCKMft ico M6MHar -n areHT', r. y»ropoA. ynTarapwi 



[state seal] Union of Soviet Socialist 

Republics 
USSR State Committee 
on Inventions and Discoveries of the State 
Committee on Science and Technology 

SPECIFICATION 

OF INVENTOR'S CERTIFICATE 



(19)SU (11) 1749267 Al 

(51)5 C 21 D 9/08. B 21 D 21/00 



(21) 4875801/02 

(22) October 22, 1990 

(46) July 23, 1992, Bulletin No. 27 

(71) Burenie All-Union Scientific- 
Research and Planning Institute of Well 
Casing and Drilling Muds 

(72) V. P. Pankov, V. A. Yur'ev, V. G. 
Nikitchenko, D. L. Popravka, M. V. 
Rogozhina, and A. T. Yarysh 

(56)US Patent No. 3487673, cl 62-282 
1979. 

G. A. Savin, Tube Drawing [in 
Russian], Metallurgiya, Moscow 1982, 
pp. 89-92. 

A. K. Shurupov and M. A. 
Freyberg, Manufacture of Tubes with 
Economical Shapes, Metallurgizdat, 
Sverdlovsk 1963, pp. 221-225. 



(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 



1749267 
2 



unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to fiamace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin-walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-11.5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-fi-equency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequent^ currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns S and 6] 



Original state of the 
material 


Type of treatment 




Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
fi-equency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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